Prokink: a protocol for numerical evaluation of helix distortions by proline.
Proline residues are known to perturb the structure of helices by introducing a kink between the segments preceding and following the proline residue. The distortion of the helical structure results from the avoided steric clash between the ring of the proline at position (i) and the backbone carbonyl at position (i - 4), as well as the elimination of helix backbone H-bonds for the carbonyls at positions (i - 3) and (i - 4). Both the departure from the ideal helical pattern and the reduction in H-bond stabilization contribute to the observed flexibility of a proline-containing alpha-helix. The special local flexibility of the proline kink can confer an important role on the proline-containing helix in the conformational changes related to the function of the protein. As a useful tool in determining and evaluating the role of proline-induced flexibility and distortions in protein function, we present here a protocol to quantify the geometry of the distortion introduced in helices by prolines both as a time-averaged value and for individual 'snapshots' along a molecular dynamics simulation.